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ABSTRACT 


Project  Shoal*  which  took  place  at  a  location  near  Fallon, 
Nevada  on  October  26.  19fc3  at  1000  PDT.  was  an  underground 
nuclear  deton^^tien  conducted  as  a  part  co  the  Vela  program  of 
the  Department  of  Defense.  The  Off-Site  Radiological  Safety 
Program  of  the  U*S.  Public  Health  Service's  Southwestern  Ra¬ 
diological  Health  Laboratory  monitored  the  public  area  sur¬ 
rounding  the  site  and  collected  and  analyzed  several  hundred 
water,  milk,  and  air  samples  before  and  for  several  weeks  after 
the  event.  Analysis  of  these  samples  indicated  that  the  radio¬ 
active  material  from  the  Shoal  event  was  completely  contained. 
During  post-shot  drilling  operations  an  intermittant  release  of 
gaseous  material  eenlaining  fresh  fission  products  occurred, 
but  w'as  not  detected  on  air  samplers  located  in  populated 
or  in  milk  and  water  samples  taken  since  that  time. 
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IHTRODUCTIOM 

Project  Shoal  wag  a  contained  12  kiloton  nuclear  exploaion 
conducted  at  a  part  of  the  Vela  program  of  the  Department  of  De¬ 
fense  to  improve  the  capability  of  detecting,  locating,  and  Identi¬ 
fying  Underground  nuclear  de»onationg.  The  Shoal  detonation  took 
place  1200  feet  Underground  in  granite  at  a  iocation  near  Faiion, 
Nevada  on  October  26,  1963. 

I 

The  Off-Site  Radiol-gical  Safety  Program  of  the  U.S.  Public 
Health  Service's  Southwestern  Radiological  Health  laboratory  in 
Las  Vegas,  Nevada  conducted  a  program  of  off- site  radiological 
surveillance  and  safety  for  Project  Shoal.  Authorization  for  this 
program  was  established  by  Memorandum  of  Understanding 
No.  SF  54  i'll  between  the  Atomic  Energy  Commission  (AEC) 
and  the  Public  Health  Service  (PHS).  Chapter  0524-05,  ”Off-Site 
Rad  Salety  Operations  of  th«;  Standard  Operating  Procedure  - 
Nevada  Test  Site  Organization  outlines  in  detail  the  responsibilities 
of  the  PHS  to  the  Nevada  Test  Site  Organization  and  the  proce- 

I  dures  to  be  used  in  fulfilling  these  responsibilities.  Briefly, 

these  responsibilities  were: 

,  1.  Verify  the  off- site  radiological  situation  associated  w'ith 

i  ‘ 


test  activities  to  insure  public  safety.  For  Project  Shoal,  off- site 


was  defined  as  extending  from  a  radius  of  five  miles  out  to  a  dis¬ 
tance  of  fifty  miles  from  Giound  Zero.  Should  a  release  of  radio¬ 
active  material  occur,  this  area  would  be  extended  as  far  as  nec¬ 
essary  to  properly  evaluate  the  situation. 

2,  Maintain  a  staff  of  trained  persw-nnel  available  to  take 
emergency  measures  prescribed  by  the  Atomic  Energy  Commis¬ 
sion,  should  an  unacceptable  radi'-iogical  situation  develop. 

3,  Obtain  an  adequate  record  of  radioactive  contaminants  re¬ 
leased  to  the  off- site  area, 

4,  Maintain  public  confidence  that  all  reasonable  safeguards 
are  being  employed  to  protect  public  health  and  property. 

5,  Establish  liaison  with  various  local  and  state  officials 
concerning  radiological  health  within  their  administrative  areas. 

b.  Investigate  reports  of  incidents  attributed  to  radioactivity. 

7.  Accumulate  and  process  data  to  provide  a  basis  for  eval¬ 
uating  cumulative  radiation  dose  to  people. 

The  PHS  began  its  pre-shot  surveillance  as  early  as  July  1963. 
Air  sampling  stations  were  established  at  seven  locations  in  the 
area  from  which  24 -hour  samples  were  taken  daily.  An  exten5i\e 
public  relations  program  was  eliCeted  before  the  even!.  Lectures. 


deriionstrations ,  and  movies  v-ere  presented  at  Lions  Clubs,  Ro¬ 
tary  Clubs,  Veterans  of  Foreign  Wars  and  American  Legion 
groups,  and  at  schools  in  the  off- site  area.  A  close  working  re¬ 
lationship  was  established  with  news  media  in  the  Fallon,  Nevada 
area. 

Sampling  and  monitoring  activities  were  intensified  early  in 
October,  and  they  reached  a  peak  just  before,  and  for  a  few  weeks 
after,  the  detonation.  They  were  continued,  although  at  a  less 
intense  level,  throughout  post- shot  drilling  operations.  Frequency 
and  density  of  sampling  was  then  gradually  decreased  with  time  to 
the  date  of  this  report  (June  15,  1964),  wht.'  seven  air  sampling 
stations  are  still  in  operation,  and  milk  and  water  are  being  col¬ 
lected  routinely  from  a  few  off- site  locations, 

Althoagh  the  Shoal  detonation  did  not  lelease  radioactive  ma¬ 
terial  to  the  off- site  area,  and  no  radioactivity  greater  than  nor¬ 
mal  background  levels  was  detected  in  this  area  during  or  after 
the  re-entry  drilling  operations,  this  report  will  describe  the  or¬ 
ganization,  methodology^,  and  instrumentation  used  and  the  cover¬ 
age  provided  by  the  program  of  off- site  radiological  surveillance. 
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METHODOLOGY 


in  p.eneral,  monitoring  and  sampling  methods,  field  proce¬ 
dures,  laboratory  procedures,  and  program  coordination  and 
control  were  similar  to  those  proviousiv  reporit-d  for  Ofi-Siie 
Radiolcgical  Safety  Program  activllios.  Hovtver,  becaust 
Project  Shoal  was  located  at  a  site  other  than  the  Nevada  Test 
Site,  some  special  arrangements  were  made. 

Tw-o  PHS  personnel  were  assigned  to  the  project  officer  hit 
pre-shot  activities.  They  w'ere  rt  sponsible  for  csiabiishing  air 
sampling  stations,  stdinTing  tiiilk  and  water  s  o)  1  t-i  lioii  poiiu>, 
and  conducting  the  preiiiiiinary  public  relations  v/ork.  Thee  were 
assisted  in  making  road  surveys  in  the  area  bv  lour  PHS  Hesi  r\(' 
Corps  Officers.  By  September  10,  i  fni,  a  total  of  twei\o 
Reaerve  Officers  w-ere  assigned  in  the  Fallon  ari  ti  to  Prosci  i 
Shoal.  On  the  day  of  tht?  ev(  nt,  about  ioriy-iisf  PHS  nf-rstJiinfS 
W'^re  on  duty  at  the  C  onirol  Puir-ii  and  m  liu  art  as  tiff  sii-.  , 

A  mobile  Radioassay  Laboratorv,  mciintained  bv  SV,  KHL  as 
a  field  coiinting  laborat  ’I'y,  was  niovt  d  to  1‘  ali‘in  t*!  iirovidi'  tuni- 
porary  facilities  close  tn  the  site  ior  rountinc  crosb  aipno  an 


gross  beta  activity  and  for  gamr-ia  spectrometry.  The  PHS 
laboratories  in  Las  Vegas  provided  technicians  and  facilities  for 
all  but  preliminary  analyses  of  air,  water,  and  milk  samples. 
They  also  processed  and  analyzed  samples  of  water  collected 
for  Project  Shoal  by  the  Df^iert  Research  Institute  of  the  Univer¬ 
sity  of  Nevada. 

A  whole  body  counter  on  a  railroad  flatcar,  designed  and 
coiistructed  by  the  Technical  Operations  Branch,  Dii  ision  of  Ra¬ 
diological  Health,  PHS,  was  moved  to  Fallon  for  support  of 
Project  Shoal.  There  it  was  set  Ui-  with  an  ambulance  car  which 
housed  electronics  and  preparation  facilities.  The  detector 
assembly  consisted  of  two  1.  5  inch  by  1.5  inch  and  one  11  inch 
by  4  inch  Nal(TI)  crystals.  They  were  housed  in  an  8  foot  by 
S  foot  steel  room  having  walls  6  inches  thick  composed  of  lam¬ 
inated  steel  plates.  The  subject  being  counted  lay  on  a  steel¬ 
framed  bed  mounted  on  tracks  laid  down  the  center  of  the  room. 
The  tw'O  small  crystals  were  mounted  on  the  beu  to  view'  the  tw'O 
lobes  of  the  thyroid  gland.  The  large,  separately  mounted 
crystal  was  placed  in  a  standard  position  over  the  body  mid- line. 

Technicians  from  SWRHL  calibrated  this  equipment  for 
J31  .  137  40 

determination  of  I  ,  Cs  ,  and  K  .  The  whole  body  counting 
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activities  were  directed  by  a  Medical  Officer  assigned  from  PMS 
headquarters  in  Washington,  D.  C. 

PHS  physicians  were  assigned  to  Fallon  and  were  present 
before,  during  and  after  the  event.  Close  contact  between  PHS 
doctors  and  local  physicians  w'as  established  and  the  medical 
a  pects  of  the  testing  program  were  discussed  in  detail. 

A  U.  S.  Army  Veterinary  Officer  and  a  PHS  veterinarian 
contacted  local  veterinarians  and  made  trips  to  several  of  the 
ranches  and  farms  in  the  area  to  discuss  the  program  and  to 
explain  the  veterinary  services  that  would  be  available  if  a  prob¬ 
lem  should  develop. 

Field  Procedures 

The  basic  working  unit  for  radiation  monitoring  and  environ¬ 
mental  sampling  for  Project  Shoal  was  the  one-  or  two- man 
mobile  monitoring  team  equipped  with  various  surve'-  instrumcnis , 
sampling  apparatus,  tools,  and  supplies.  These  teams  worked 
from  radio- equipped  pickup  trucks  whicli  served  as  mobile 
stations  in  a  communications  network  thmueh  which  they  were 
in  constant  radio  contact  with  directive  personnei  at  the  Shoal 
Control  Poiiit  and  the  laboratory  staff  at  tht  Fullon  headquartc  rs. 


Before  the  Shoal  *'D*‘  Day,  these  monitoring  teams  placed 
numbered  location  signs  on  dirt  roads  throughout  the  areas  down¬ 
wind  of  Ground  Zero  to  the  east  and  southeast  for  monitoring 
reference  points.  They  also  took  dose  rate  readings  in  the 
off- site  areas  to  determine  pre-shot  radiation  background. 


The  pre-shot  dose  rate  surveys,  as  w'ell  as  post- shot  surveys, 
were  made  by  the  standard  rnouitonng  procedure  whore  the  detec¬ 
tor  or  probe  is  held  three  feet  above  ground  level  at  a  reasonable 
distance  from  any  heavily  contaminated  or  radioactive^  artifact. 

The  location  and  time,  as  cvell  as  the  magnitude  of  each  dose 


rate  measurement,  are  recorded  on  a  monitoring  log,  on  w^hich 
is  also  recorded  the  survey  instrument  and  vehicle  numbers. 


On  the  day  of  the  Shoal  detonation,  Uie  ground  monitoring 
tcarTis  carried  portable  gasoline  generators  and  extra  sampling 
gear  with  which  the  activated  sam.pling  network  could  be  supple¬ 
mented  if  necessary.  After  the  ev'enl,  it  was  these  teams  -who 
collecled  samples,  exchanged  tilm  badges,  and  maintained  the 
sampling  net.vvorK  ihr^iugbout  post— slu^t  driliiiig  oCjc  rations. 


On  D-dav  the  mobile  ground  monitors  were-  asHisted 


a  e  r  1  a 


i  monitoring  team  in  -i  fmbiic:  Healtn  bervirc  airoriiit. 


This  crew  A 


and  stand-by  crews  had  trsade  several  ihglits  ever  ihi 


Shoal  Site  and  the  areas  off  site  on  D  minus  I  to  orient  themsi  Ives 
and  to  become  familiar  wdth  the  area  as  viewed  from  the  air.  If 
a  release  of  radioactive  material  had  occurred,  this  team  w'ould 
have  monitored  and  tracked  the  resulting  **cloud’  from  the  air, 
radioing  information  as  to  cloud  position,  siac,  and  direction  and 


rate 


of  travel  to  directive  personnel  at  the  Control  Point,  Mobile 


ground  teams  w'ould  then  be  more  accurateiv  positioned  to  nicasure 
the  dose  rate  three  feet  above  ground  produced  by  passage  ot  the 
cloud  or  bv  deposition  of  material  from  it. 


Instrumentation 


Four  types  of  survey  instruments  were  t  amed  by  ground 
monitoring  teams  enabling  them  to  monitor  dose  rates  irorn  back¬ 
ground  levels  of  approximately  0.  OZ  milli  roentgeti;-’  pi' r  .nour  up 
to  200  inilli roentgens  per  hour  Irom  beia  plus  gamma  rauiation, 
or  up  to  50  roentgens  per  hour  from  gamma  radiat  on  alone. 

These  were  the  Precision  Model  111  Standard  ►Sciniiilaior  which 
has  an  external  probe  containing  a  sodium  iodide  crystal  octi  •- 
tor.  the  Eberline  E-500B  Gcigc^  detector  with  external  probe  and 
beta  shield,  the  Beckman  Model  MX- 5  Geiger  detei  tor  having  a 


probe  similar  to  the  E-500D,  and  the  Trac  rlab  AN/PDR  f  1  P- 
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ionisatiori  chamber  detci  tor.  Dose  rates  detected  by  these  survey 


instruments  can  be  read  to  two  significant  figures. 

These  same  survey  instruments  were  carried  by  the  aerial 
monitoring  team  along  with  the  Portable  Aerial  Survey  Meter 
SBL-2  manufactured  by  Edgerton,  Germeshausen,  and  Grier,  Inc. 
The  SBL-2  consists  of  a  transistorised,  battery  operated,  port¬ 
able  scintillation  detector  and  recorder.  It  can  be  used  tor  either 
ground  or  aerial  surveys  under  a  variety  of  environmental  con¬ 
ditions,  and  is  sensitive  to  dose  rates  from  0.  2  to  2000  milli- 
roentgens  per  hour. 

DuPont  type  5^6  film  badge  dosimeters  were  u-ed  for  Project 
Shoal  surveillance.  These  badges  contain  a  low  range  film  com¬ 
ponent,  number  508,  sensitive  to  exposures  of  0.  03  to  5.  0  roent¬ 
gens,  and  a  high  range  component,  number  83i,  sensitive  to  ex¬ 
posures  of  3.0  to  1000  roentgens.  The  sensitivity  range  ol  the 
dosimeter  is  thus  30  mr  to  1  OOO  R,  For  Project  Shoal,  the  badges 
were  supplied  and  read  by  the  Radiai.ion  Safety  Department  of 
Reynolds  Electrical  and  Engineering  Company.  Inc. 

Air  sampling  apparatus  consisted  of  Staplex  C  ornpany'Or  Cmn- 
cral  Metal  Works  high  volume  air  samplers. 
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Airborne  particulate 


fiiiilfi'ta!  was  I  tjlift  ti'ti  t)fi  Cit'lfiiao  typi’  E  j^lass  fibi  r  filtcrB  which 
afc  designed  tci  have  a  collection  efficiency  of  99»  b%  for  particles 
greater  than  0.  25  microns  in  diameter,  and  98%  for  0,05  micron 
particles.  The  8  inch  by  10  inch  filters  were  held  in  commer¬ 
cially  available  heads  -which  provided  an  effective  sampling  area 
of  63  square  inches.  Flow  rates  of  50  to  60  cubic  feet  per  minute 
were  obtained  w'lth  the  filler  in  place. 

The  throat  of  the  motor  housing  of  each  sampler  w'as  iria- 
chined  to  accept  a  3-1/4  inch  diameter  activated  charcoal  cart¬ 
ridge  made  by  Mine  Safety  Appliances  Company.  With  the  cart¬ 
ridge  in  place  behind  the  glass  fiber  filler,  air  flo‘,v  rates  of 
approximately  20  to  30  cubic  feet  per  minute  were  obtained. 

Actual  flow  rate  for  each  sample  was  determined  from  rotameter 
readings  taken  at  the  beginnine  and  end  ol  th*-  sampiing  period. 

One  gallon  samples  of  milk  and  of  water  we  re  collected  for 
analysis.  The  polyethylene  collection  bottles  were  also  used  for 
shipping  samples  to  the  laboratory  in  order  to  reduce  the  possi¬ 
bility  of  contaminating  them  during  iranster  irom  one  coniatner 


to  another. 


Laboratory  Procedurps 


Gross  beta  activity  of  the  airborne  particulate  material  col¬ 
lected  on  glass  fiber  filters  was  determined  by  counting  the  filter 
in  a  large  area  gas  flow  proportional  probe  connected  to  a  high 
speed  scaler*  A  counting  efficiency  (counts  per  disintegration) 
of  approximately  thirty  percent  was  obtained  with  this  system,- 
based  on  a  strontium-yttrium-90  standard.  Charcoal  cartridges 
were  examined  for  gamma-emitter  activity  by  gamma  pulse 
height  analysis,  using  a  heavily  shielded  4  inch  by  4  inch  Nal(Tl) 
crystal  detector  coupled  to  a  multi-channel  analyser.  The 
charcoal  cartridge,  sealed  in  a  thin  plastic  bag,  was  centered  on 
the  crystal  to  give  a  constant  geometry.  Using  a  peak  width  of 
90  kev,  a  counting  efficiency  o,  12%  for  the  0.  36  Mev  photopeak 
of  I  was  obtained. 

Standard  procedure  calls  tor  submitting  filter  samples  with 
high  gross  beta  activity  to  gamma  spectrum  analysis.  The 
8  inch  by  10  inch  filter  is  folded  in  eighths  and  placed  on  the 
sodium  iodide  detector  to  approximate  the  geometry  of  the 
charcoal  cartridges. 

Water  and  milk  samples  were  analyzed  for  gamma  emitting 

isotopes  in  the  same  crystal  -  spectrometer  system  used  for  air 

1  1 
i  i 


samples.  One-gallon  samples  were  sc.jinied  ?n  inverted  well 


beakers  placed  over  the  crystal.  li  sample  volurne  was  too  small 

to  permit  this  geometry,  a  dOO  milliliter  aliquot  w^as  placed  in  a 

plastic  ''cottage  cheese  tub*'  container  and  centered  on  the  crystal. 

I’i 

Detection  efticiencies  for  the  0.  36  Mev  photopcak  of  1  were 
approximately  6.  5%  in  the  beaki  r  and  7.  Z%  in  the  cheese  tub  con¬ 
figuration. 


Samples  collected  during  the  detonation  and  re-entry  opera¬ 
tions  of  Project  Shoal  were  counted  in  the  mobile  Radioassav 
Laboratory  in  Fallon  as  soon  after  coUection  as  pv  sible.  In 
this  way  the  presence  of  any  unusual  activity  could  be  detected, 
and  action  could  be  taken  immediately.  After  the  initial  counts 
w'ere  made,  the  samples  wer  ■  sent  to  the  Las  Vegas  laboratory 
for  further  counting  and  analysis.  Samples  collected  during 
non- ope  rational  periods  v.ere  sent  directly  to  tPe  mam  l.ibQ**atory 


of  SWRHL. 

At  the  Las  Vi  gas  laboratory,  gross 

samples  was  determined  five  days  alter 

decay  of  natural  radioactivity.  They  we 

days  after  collection,  and  the  usual  t 

to  correct  activity  counted  to  activity  at 
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beta  activity  on  air  filter 
coliection  to  allow  for 
rc  again  counted  twelve 

pi 

extrapolation  was  made 


the  end  of  the  collection 


period. 

Milk  samples  were  analyzed  radiocheniicaliy  to  deterniinti 
the  concentration  of  strontium- 89,  strontium- 90,  and  stable 
calcium.  Total  strontium  W'as  chemically  isolated  and  coufited 
in  a  low  background  beta  counter,  as-  w'as  the  yttrium  daughter  of 
strontium- 90,  btrontium-89  w^as  determined  by  the  difference 
betw’een  total  strontiurn  and  strontium- 90j  as  calcuiftted  iram 
the  equilibriutis  value  of  its  vttrium-90  daUchter,  Detection 
eiliciency  for  strontium- 90  and  yttriurii-90  \vas  appro-vimatuly 
8  5%-. 

tv at<  r  samples  v/ere  filtered  tlirougli  Whatman  No,  42  filter 
paper  to  separate  suspended  and  dissolved  solids.  Each,  frat  tion, 
after  being  transferred  to  a  plancliet  and  dried  by  appropriate 
means,  was  counted  for  gross  alpha  and  for  gross  beta  at  tivity. 

Gramma- ernj  tting  isotopes  detected  quali  tali  veil  y  in  the  spec¬ 
tral  scan  were  qiiantitaicd  by  the  lat  jratory's  standard  matrix 
method  W'hich  corrects  for  mutual  Lntcrfcrcnre  between  isotopes. 
If  short- live.}  isotopes  are  detected  for  w'hich  standards  cannot  be 
obtained,  a  quantitativ'e  estimate  can  be  made  by  scanning  the 
samples  several  times  to  obtain  the  decay  patterns  of  various 
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regions  of  the  spectrum.  When  ncuther  method  is  applicable, 
the  routine  procedure  involves  smoothing  the  spectrum  under 
each  photopeak  and  subtracting  this  portion  from  total  peak 
activity  as  a  gross  approximation  of  the  contribution  from 
background  and  scattering. 


RESULTS 


Monitoring 

Seventeen  ground  monitoring  teams  took  periodic  readings 
from  the  time  of  detonation  to  late  in  the  afternoon  on  the  day  of 
the  event.  No  readings  above  background  were  obtained.  Aerial 
monitoring  was  performed  from  several  hours  before  detonation 
until  sundown.  The  PHS  aerial  monitoring  team  obtained  no  read¬ 
ings  above  background. 

Dosimetry 

No  exposures  greater  than  the  detection  limit  of  30  mr  were 
read  on  the  personnel  and  station  film  badges.  The  whole  body 
counter,  used  in  support  of  Project  Siioax,  tested  fort^ -one  sub¬ 
jects,  including  ail  PHS  monitors,  from  October  21 »  1963  until 
December  5.  1963.  Iodine- 131  w'as  not  detected  in  any  subject. 

Sampling 

Ail  glass  fiber  filters  f^om  air  samplers  were  at  background 
levels  during  and  after  the  event.  Tne  charcoal  cariridges  from 
air  samplers  wwre  analyzed  for  gamma  c-mitters  and  no  fresh  fis¬ 
sion  products  were  found.  Analvses  of  milk  and  water  samples 
j  since-  the  event  have  given  no  indication  of  the  presence 


PO^r-SHOT  DRILLING  OPERATIONS 


During  rc-Rrilling  operations  on  December  10,  small 
amounts  of  gaseous  material  containing  fresh  fission  products 
were  released  into  the  almosphc’ re.  This  release  i  onti.naed  iiit-  r 
mittentiy  through  Dercrnher  19.  No  fresh  fission  prodiu  ts  wt*re 
found  on  fiLers  or  charcoal  cartridges  taken  from  air  samplers 
at  off-site  sampling  bocations.  Milk  and  water  samples  taken 
since  the  release  have  been  analyzed  and  founi’  to  contain  no 
fresh  fission  products. 


CONCLUSION 

Because  the  Shoal  detonation  w'.s  completely  tontained,  and 
because  the  release  of  fission  products  during  post- shot  opera¬ 
tions  was  not  detected  off-site,  it  is  concluded  that  thirri  was  no 
health  hazard  to  the  off- site  population  due  to  Projeet  Shoal. 
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I’lg  ire  i.  Sampling  ’'^cations  during  Project  Shoal. 
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Table  Z,  Samples  taken  for  Projes  t 


Table  Z,  Samples 

SlJRVElLLANCE 

LOCATION 

taken  for  Proje; 

AIR 

ftcpin  End 

(1963)  (1964) 

t  SiiuaP 

WATER 

Prc-  Post 

Shot  Shot 

MILK 

Pre-  Post 

Shot  Shot 

Film  Badue 

Station 

E  X  po  s  u  r  e  s 

Alpine  Ranch 

2  1 

Austin 

10/21 

4  2 

4  2 
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Brown  Station 

1  1 

1  1 

Carroll  Station 

Z  1 

Dixie  Valley 

I  *1 

L,  tm 

7  ■> 
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F  allon 

07/09 
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4  4 
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Frenchman  Sta. 

07/10 

1 

Gabbs 

07/23 

3  9 

Z  1 
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Hawthorne 

3  Z 

£.  \ 
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Hot  Springs 

Z  1 

1 

lone 

2  1 

L  1 

7 
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10/21 

1 

Luning 

07/23 

01/31 

I 

-7 
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09/12 

01/31 

2  1 

Ncv.Scheelite  Mine 
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.  >  > 

1  z 

Peavine  Ranch 

2  1 

h 

11 

R*0.  Inc.  Ranch 

-y 

1 

Schurz 

07/09 

-  -  . 

Z  1 

3 

4 

Seyler  Reservoir 

1  1 

Smith  Creek  Ranch 

2  I 

7 

1 

Stillwater 

1  1 

1 

3 

NOTE:  --  -  indicates 

sampling  stations  still  in 

ope } 

acion . 
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m  Ltd 


Barringer  Research  idadted 
Hexdalet  Ontario,  Canuia 


mm 

?AA 

GS&>TECH 

GimDA 

H-ISC 
mi,  Inc. 

I30TCa»ES 

ITSS 

IPX 

liSM 

MSDL 

REECo 

SC 


Edgertcai,  Genneshausen  &  Grier,  Inc. 

Bost^,  Maeaachusetis 
Lae  Vegas .  Nevada 
Santa  Barbara,  California 

Federal  Aviation  Agency 
toa  Angeles,  California 

Geo  Technical  Corporatiwi 
Garland,  T^uis 

U.  S.  Aray  Geodesy,  Intelligence  and  Mapping  Research 
and  Developssent  Agency 
Fort  Belvoir,  Virginia 

HasXetonoNuclear  Science  Corporation 
Palo  Alto,  California 

Holsws  it  tiir<r»r,  Inc. 

Los  Angeles,  California 

Las  Vegas,  Nevada 

Isotopes,  Inc. 

Westwood,  New  Jersey 

ITBK  Corporatic«i 
Palo  Alto,  California 

Lucina  Pitkin,  Inc. 

New  York,  New  York 

Nevada  Bureau  of  Mines 
Ikiiversity  of  Nevada,  Reno,  N’^vada 

U.  S.  Naval  Radiological  Defense  Laboratory 
San  ^ancisco,  California 

Reynolds  Electrical  A  Engineering  Co. ,  Inc, 

Las  Vegas,  Nevada 

Sandia  Corporation 
Albuquerque,  New  Mexico 


SRI 


Stanford  Research  Institute 
M«.'lo  Park,  Califo<-^<» 
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T1 
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USCitGS 
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USPHS 

U9#B 


R.  F,  Beers,  Inc. 

Alexandria,  Va. 

Space  Technology  Laboratories,  Inc. 
Redondo  Beach  Park,  Calif omia 

Texas  Instruments,  Inc. 

Dallas,  Texas 

U.  S,  Bureau  of  Mines 
Washington,  25,  D,  C. 

U.  S.  Bureau  of  Mims 

Bartlesville  Petroleum  Research  Center 

Bartlesville,  OklahaBsa 

U.  S.  Coast  and  Geodetic  Survey 
Las  Vegas,  Nevada 

U,  S.  Geologic  Survey 
Denver,  Colorado 

U.  S.  Public  Health  Service 
Las  Vegas,  Nevada 

U.  S.  Weatlwr  Biireau 
Las  Vegas,  Nevada 


